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Abstract

The purpose of this research was to employ the Research and Development (R&D) methodology to produce an
educational innovation, called “Online Self-Training Program for Empowering Teachers’ Learning to Develop
Students’ Design Thinking Skills”, expected to be widely used among the schools that are the target population in
disseminating the research results. This online self-training program consisted of two projects: 1) the development
project for teachers' learning, consisting of seven self-training modules for teachers' learning, and 2) the project for
teachers using learning outcomes for student development, consisting of a self-training module used as teachers’
practice guideline. The experimental results of the first project revealed that the post-test scores of 16 teachers met
the standard criteria of 90/90 and their post-test scores were significantly higher than the pre-test scores. The
experimental results of the second project pointed out that the post-test scores of 300 students were significantly
higher than their pre-test scores. The research results were, therefore, by the established research hypotheses,
indicating that the effectiveness of the educational innovation was confirmed. As a result, it can be used to benefit
teachers and students in schools that are the target population for disseminating research results.
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1. Introduction

Stobierski (2022) stated that design thinking is an approach to problem-solving in which the practitioner seeks to
understand a potential product or service’s end user, including their goals, challenges, and aspirations. They then use
that knowledge to conceive solutions. In addition, Matter (n.d.) stated that design thinking is identified as one of
Matter’s top soft skills that is linked to performance, development, and career success. Similarly, Dam & Siang
(2022) discussed that design thinking is not an exclusive property of designers—all great innovators in literature, art,
music, science, engineering, and business have practiced it. So, why call it Design Thinking? What is special about
Design Thinking is that designers' work processes can help us systematically extract, teach, learn, and apply these
human-centered techniques to solve problems creatively and innovatively—in our designs, in our businesses, in our
countries, and in our lives. It aligns with the concept of Han (2022), stating that in an age when innovation is key to
business success and growth, you have likely come across the term “design thinking.” Perhaps you have heard it
mentioned by a senior leader as something that needs to be utilized more, or maybe you have seen it on a prospective
employee's resume.

Because design thinking is important, many academics have presented concepts and ideas to enhance design thinking
skills for individuals in various industries, whether in the public, private, or public sectors, regardless of gender, age,
or status. The main target group for enhancing design thinking skills in any society is "students" who will be an
important force in the development of the country in the future.

World of Insights (n.d.) presented the following 8 design thinking skills for leadership development: 1) empathy, 2)
systems thinking, 3) feedback and continuous improvement, 4) questioning mindset, 5) collaboration and facilitation,
6) customer centricity, 7) coaching, and 8) change management. Moreover,

Stobierski (2022) suggested 5 steps to enhance design thinking skills as follows. 1. Clarify: the practitioner narrows
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down the focus of the design thinking process. They identify the problem that will be explored to ensure the best
possible outcome. 2. Ideate: the practitioner generates ideas for solutions. They should regularly challenge their
assumptions to overcome biases and think of truly unique and innovative ideas. 3. Develop: the practitioner
experiments with the solutions they conceived in the ideate phase. Prototypes should not be expensive or considered
“final,” but rather as tools to test and learn from. 4. Implement: the practitioner must test each prototype. The goal is to
learn and collect as much data as possible and use it to further iterate on potential solutions.

According to the aforementioned information, the importance of design thinking skills is presented. Moreover, many
suggestions for enhancing design thinking skills have also been provided. Especially when searching for information
on the internet, a variety of viewpoints of knowledgeable people from various regions across the world addressing
the following issues: definitions, importance, characteristics, development guidelines, development steps, obstacles,
and challenges in development and evaluation have been found.

The researchers have recognized various aforementioned viewpoints on design thinking skills as valuable and useful
knowledge that can used for enhancing design thinking skills for students in secondary schools under the Office of
the Basic Education Commission, Thailand. Therefore, the R&D methodology was utilized to produce an
educational innovation, called “Online Self-Training Program for Empowering Teachers’ Learning to Develop
Students’ Design Thinking Skills”.

This educational innovation was developed based on the concept of “knowledge and action are power”. Various
perspectives on design thinking skills in a variety of issues were used as a guideline for teacher development.
Teachers would learn first. Then they would use the learning outcomes to enhance students ' design thinking skills
according to the determined indicators.

The researchers believed that the R&D methodology with the steps described in the “Research Methodology” topic
would yield an "Online Self-Training Program for Empowering Teachers’ Learning to Develop Students' Design
Thinking Skills” that was effective and could be disseminated to secondary schools under the Office of the Basic
Education Commission which were the target population in disseminating the results of this research throughout the
country. According to the principles of research and development, the developed innovation must be tested in the
area considered as the representative of the population. When the findings indicate that the innovation is effective
and meets the specified criteria, it can be disseminated and applied for the learning benefit of the research
population.

1.1 The Purpose of Research

The research aimed to use the R&D methodology to produce an educational innovation, called “Online Self-Training
Program for Empowering Teachers’ Learning to Develop Students’ Design Thinking Skills”, which effectively meets
the specified criteria and can be used among the schools that are the target population in disseminating the research
results throughout the country. This online self-training program consisted of two projects: 1) the development
project for teachers' learning, consisting of seven self-training modules for teachers' learning, and 2) the project for
teachers using learning outcomes for student development, consisting of a self-training module used as teachers’
practice guideline (The program structure and other details are presented in Figure 1).

1.2 Research Hypothesis

The research studies, namely “Empowering Teachers’ Learning to Develop Innovative Skills for Students” by
Hatsanmuang and Sanrattana (2023); “Developing Teachers to Enhance Students’ Effective Teamwork Skills” by
Saysin and Dhammapissamai (2023), and “Empowering Teachers’ Learning to Develop Students’ Inspirational Skills”
by Kromthamma and Supakicco (2023) which aimed to develop educational innovations for teacher development
and teachers continuously use the knowledge for student development provided the research findings by the research
hypotheses. For this reason, this research was also believed to produce an effective "Online Self-Training Program
for Empowering Teachers' Learning to Develop Students' Design Thinking Skills". The research hypotheses were as
follows.

* The development project for teachers’ learning: The post-test scores of the teachers meet the standard criteria of
90/90 and are significantly higher than the pre-test scores.

* The teachers using learning outcomes for student development project: The post-test scores of the students are
significantly higher than the pre-test scores.

1.3 Literature Review

Based on the literature review, many experts have given suggestions on ways to enhance design thinking skills.
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When searching for information from the Internet, various viewpoints were considered valuable knowledge that can
be used in this research and development to produce an educational innovation, called “Online Self-Training
Program for Empowering Teachers’ Learning to Develop Students’ Design Thinking Skills”. The researchers also
reviewed the literature related to design thinking skills in a wider variety of issues than previously studied to gain
knowledge that can be used to create self-training modules for teachers’ learning in the following seven areas: 1. The
definition from the perspectives of CreatEdu (n.d.), Dam and Siang (n.d.), Hwa (n.d.), Simon (n.d.), and Sliver et al
(2018). 2. The importance from the perspectives of Chrisos (2020), Leinen (2017), Pappas (2015), Verma (2018), and
Verma (2020). 3. The characteristics from the perspectives of Brody (2018), Lewis (2016), Porcini (2015), Taylor
(2011), and Tschepe (2018). 4. The obstacles and ways to overcome obstacles from the perspectives of Dam and
Siang (2020), Moldoff (2021), and Sheikh (2019). 5. The development guidelines from the perspectives of Christens
and Miranda (2017), Dam and Siang (n.d.), Dimitriadis (n.d.-a), and Dimitriadis (n.d.-b). Fanguy (2018), Felix and
Griff (2019), Majeed (2021), Manfre (2021), Naiman (n.d.), Noel (n.d.), and Sujlana (2020). 6. The development
stage from the perspectives of Pferdt (2019), Professional Mit. Edu (2019), Stevens (2021), and Zhou (2020). 7. The
evaluation from the perspectives of Blizzard et al (2015), Dosi, et al (2018), and Gompel (2019).

Regarding the aforementioned seven topics, it can be seen that the viewpoints on the development of design thinking
skills are important because they are the suggestions demonstrating the principles/ concepts/ techniques/ methods/
activities for teacher learning. Consequently, teachers can use the learning outcomes as a guideline for developing
students to have design thinking skills. For this reason, the issues guiding the development of design thinking skills
from the viewpoints of Christens and Miranda (2017), Dam and Siang (n.d.), Dimitriadis (n.d.-a), and Dimitriadis
(n.d.-b). Fanguy (2018), Felix and Griff (2019), Majeed (2021), Manfre (2021), Naiman (n.d.), Noel (n.d.), and
Sujlana (2020). were synthesized. As a result, the following 78 guidelines were gained: 1) be visual, 2) the evolving
discipline of design, 3) create concepts and visualize ideas, 4) optimistic, compassionate, and enthusiastic, 5) learn
from the experts or knowledgeable person, 6) signature pedagogies in design, 7) being open-minded, 8) create new
designs, 9) study, learn, and research websites, 10) increase your observation power, 11) experiment with a variety of
tools, 12) get some help and collect feedback, 13) train yourself and explore different styles, 14) do some side
hustles, design a variety of works, 15) make the problem an actionable question, 16) be smart training, 17) aiming for
the best, 18) the art of questioning, 19) spark yourself with motivation, 20) working in teams — being a team player,
21) failing is an opportunity to learn, 22) skill building through design thinking, 23) understanding people,
developing empathy, 24) study the theoretical aspect and learn the principles of research on trends, 25) astute
observation, 26) wait on the fine-tuning, 27) implementing design thinking, 28) study design thinking approach, 29)
divergent and convergent thinking, 30) use design thinking for process improvement, 31) 2 1 *-century skills and
predictors of student success, 32) creative in their ability to adapt and respond to new challenges, 33) everything
doesn’t work, 34) get rid of the fear of failure, 35) maximize each learning experience, 36) imagine from multiple
perspectives, 37) development of design thinking skills, 38) accept all ideas open-minded, 39) look around, listen to
others, be smart and learn, 40) document learnings and define the hypothesis, 41) a framework for design thinking,
42) co-creation and working together, 43) learn how to teach and facilitate creativity, 44) learn how to be a
thinker/designer from expert practitioners, 45) build confidence in your creativity with low-risk experiments, 46) be
able to identify and develop innovative, creative solutions to problems they and others encounter, 47) don’t expect
perfection, 48) build on each other ideas, 49) encourage weird, wacky, and wild ideas, 50) defer judgment or
criticism, including non-verbal, 51) creativity, innovation, and leadership skills development, 52) making a case for
design-based learning at the primary and secondary level, 53) understand the value of collaboration and feedback,
54) invest equal time in research, bio design, and feedback, 55) identify problems and reframe them as actionable
opportunities, 56) view obstacles and failures as valuable learning moments, 57) promote diverse perspectives frame
new constraints as opportunities and examine assumptions, 58) active learning, 59) learning commons, 60) develop
empathy, 61) develop a growth mindset, 62) focusing on both the future and the solutions, 63) creativity and
innovation, 64) critical thinking and problem-solving, 65) develop self-confidence as a problem solver, 66)
appreciate hard work and perseverance, 67) write, create, and communicate, 68) collaborate and discuss, 69) design
thinking in practice, 70) tackling common challenges, 71) support student learning through collaboration, 72) clarity
with precise academic language, 73) explore the key elements that make it unique, 74) teach math concepts to
accomplish tasks quietly, without questioning, 75) applying concepts in the real world, 76) emphasize a holistic
approach to testing things. integrated thinking, 77) attraction with a combination of audience engagement or
storytelling, and 78) deep understanding of content knowledge of the "what, why, how, and when" topic.
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2. Research Methods
2.1 Concepts and Process

This research employed the Research and Development (R&D) methodology according to the viewpoint of
Sanrattana (2023) who stated that educational innovations developed by this research methodology are intended to be
used to develop people to gain knowledge. It is expected that they will apply the obtained knowledge to action which
will create power for effective work according to the concept: “knowledge and action are power”. This concept
guided the concept of this research: “Start with teacher development and teachers subsequently apply the learning
outcomes to student development”. Four steps were employed for this research.

Step 1: The literature review related to design thinking skills in seven issues was conducted. The content in each
issue was used to create seven online self-training modules for teacher’s learning and a self-training module used as
teachers’ practice guideline. The seven modules included 1) definitions, 2) importance, 3) characteristics, 4)
obstacles and ways to overcome obstacles, 5) development guidelines (principles/ concepts/ techniques/ methods/
activities), 6) development steps, and 7) evaluation.

Step 2: The quality of online self-training modules was examined, which was conducted in two phases: Phrase 1:
Preliminary Field Testing and Revision was conducted with 5 teachers at a school that is not the experimental site.
Phrase 2: Main Field Testing and Revision was conducted with 10 teachers at a school that is not the experimental
site. Focus group discussion was employed for both phrases.

Step 3 : Two sets of research tools were constructed: 1) the teachers’ learning outcomes test and 2) the students’
design thinking skills assessment form (details are discussed in the “Research Tools” topic).

Step 4: The effectiveness of the online self-training program was tested according to the research hypotheses. One
group pretest-posttest design was employed for the experiment of “Online Self-Training Program for Empowering
Teachers’ Learning to Develop Students’ Design Thinking Skills” in the school randomly selected as the research
site. The experimental group was 16 teachers and 300 students in the second semester of the Academic Year 2023.
The research was divided into 2 phases: 1) one-month experimental research of the development project for teachers'
learning and 2) 2-month experimental research of the project for teachers using learning outcomes for student
development.

2.2 Research Tools

The teachers’ learning outcomes test was created in a multiple-choice format with four options which was employed
to assess the teachers’ learning outcomes before and after the experiment of the teachers’ learning development
project. The researchers constructed the test based on the following six issues: definitions, importance, characteristics,
developmental guidelines, developmental processes, and evaluation of the cognitive domain, ranged from
lower-order thinking skills to higher-order thinking skills, including remembering, understanding, applying, analyzing,
evaluating, and creating according to the Revised Taxonomy 2001 of Benjamin S. Bloom (Armstrong, 2010). The
test’s quality was checked with the following two phases:

Phrase I: The content validity was examined using the method of Rovinelli and Hambleton (1977), called Indexes of
Item-Objective Congruence (IOC). The I0C was conducted by five experts in the fields of Curriculum and
Instruction and Educational Measurement and Evaluation. The results revealed that the IOC values of all questions
exceeded the criterion of 0.50 (Chaichanawirote & Vantum, 2017).

Phrase 2: The test was tested with 30 sample teachers in the school that was not the experimental site for quality
checking. The data analysis results were as follows. 1) All the test items showed an index of difficulty within the
range of 0.20-0.80 and a power of discrimination within the range of 0.20-1.00. 2) The KR-20 coefficient, indicating
the test’s reliability, was 0.89 exceeding the criterion of 0.70. 3) The test difficulty was 47.50

The students’ design thinking skills assessment form was a 5-point rating scale assessment developed by the
researchers based on the characteristics of design thinking skills presented by Brody (2018), Jonathan (2016), Porcini
(2015), Taylor (2011), and Tschepe (2018) and the concepts of evaluating design thinking skills presented by
Blizzard et al (2015), Dosi, et al (2018), and Gompel (2019). The assessment form’s quality was checked in the
following two phases.

Phrase 1: The content validity was examined by the method of Rovinelli and Hambleton (1977) by five experts in
the fields of Curriculum and Instruction and Educational Measurement and Evaluation. The results showed that the
IOC values of all items exceeded the criterion of 0.50, indicating that this assessment form can be used for its
intended purpose (Chaichanawirote & Vantum, 2017).
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Phrase 2: The reliability or internal consistency was examined. The assessment was tested with 30 students in a
school that was not the experimental site. The findings showed that the alpha coefficient of reliability of the entire
assessment form was 0.91 After each dimension was analyzed, it was found that the reliability coefficients of
awareness and consciousness, teamwork, learning and psychology, personal attributes and multi-perspective mindset,
and communication and technology use were 0.80, 0.88, 0.98, 0.96, and 0.96, respectively. When comparing these
reliability coefficients with the criterion of 0.70 or higher (UCLA: Statistical Consulting Group, 2016), they were
higher than the specified criterion, which indicated that the items had relatively high internal consistency.

2.3 Data Analysis

The following data analysis was conducted. 1) The teachers’ scores were compared with the standard criteria of
90/90, where the first 90 represents the percentage of the mean scores of all teachers and the second 90 represents the
percentage of teachers passing the test for all learning objectives (Yamkasikorn, 2008). 2) The pre-test and post-test
scores were compared using a t-test dependent.

3. Results

3.1 Educational Innovation

Online Self-Training Program

for Empowering Teachers’ Learning to Develop Students' Design Thinking Skills

Development Project for Teachers’ Learning Teachers Using Learning Outcomes for
Student Development Project

Seven self-training modules on design

thinking skills used to develop teachers One self-training module to be used as a

guideline for teachers

e Instruction

Module#1 Definitions e Summary of the expected

characteristics

Module#i2 Importance e Summary of development guidelines

Module#3 Characteristics e Summary of the development process
e Students design thinking skills

Module#4 Obstacles and ways to assessment form

overcome obstacles e Self-assessment form for teachers on

the level of implementation of
development guidelines (Google form)

Module#5 Development guidelines
e Teachers' self-assessment on the

selection of a development process
model for implementation (Google form)

Module#6 Development stages

Module#7 Evaluation e Teacher's self-reflection form on
practice (Google form)

Figure 1. Online Self-Training Program for Empowering Teachers’ Learning to Develop Students’ Design Thinking
Skills (see the original Thai modules from https://shorturl.at/axC69)

An educational innovation, called “Online Self-Training Program for Empowering Teachers’ Learning to Develop
Students’ Design Thinking Skills”, was obtained from this research. It consisted of two projects that were
sequentially proceeded, namely: 1) The Development Project for Teachers' Learning, consisting of seven
self-training modules for teachers' learning, a) definitions, b) importance, ¢) characteristics, d) obstacles and ways to
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overcome obstacles, ) development guidelines, f) development stages, and g) evaluation, and 2) The Project for
Teachers Using Learning Outcomes for Student Development, consisting of a self-training module used as teachers’
practice guideline. It consists of the following issues: a) instruction, b) summary of the expected characteristics, c)
summary of development guidelines, d) summary of the development process, e) students design thinking skills
assessment form, f) self-assessment form for teachers on the level of implementation of development guidelines
(google form), g) teachers' self-assessment on the selection of a development process model for implementation
(google form), and h) teacher's self-reflection form on practice (google form). The details are presented in Figure 1.

3.2 Results of the Efficiency Test of the Online Self-Training Program

The experimental research results of the development project for teachers’ learning were in line with the research
hypothesis. It was found that the teachers’ post-test mean score was 33.75 points, accounting for 93.67 % of the full
score. Moreover, 100 % of the teachers passed all the learning objectives meeting the standard criterion of 90/90. 2)
The post-test mean score was significantly higher than the pre-test mean score at the level of 0.05 as shown in Table
1.

Table 1. Mean of Teachers’ Pre-test and Post-test Scores Using Dependent t-test

Testing Sample size Mean Standard Deviation t
Pre-test 16 20.75 4.37 N
15.53
Post-test 16 33.75 1.12
*p<0.05

The experimental research results of the project for teachers using learning outcomes for learner development were
consistent with the research hypothesis. It was presented through the analysis of the mean and standard deviation of
the scores of the students’ design thinking skills before and after the experiment shown in Table 2 and the results of
the comparative analysis using the dependent t-test presented in Table 3.

Table 2. Mean and Standard Deviation of the Assessment Results of the Students’ Design Thinking Skills Before and
After the Experiment

Assessment results

Characteristics of students’ design thinking Pre-test Post-test
X S.D. X S.D.
Awareness and consciousness 3.63 0.07 3.88 0.98
e [ control my emotions and understand the needs of myself and others. 3.74 1.03 3.98 0.95
o [ carefully, mindfully, and intelligently consider things. 3.59 1.01 3.84 0.97
e [ can handle different situations. 3.52 1.05 3.77 1.00
¢ [ can evaluate situations and make proper decisions. 3.57 0.99 3.85 1.00
o [ avoid making decisions that cause failure or damage. 3.72 1.18 3.95 0.97
Teamwork 3.96 0.02 4.01 0.97
¢ I can work with other people or groups. 3.88 1.06 3.90 1.00
e [ am willing to develop work with other team members. 4.01 1.06 4.00 0.98
e [ work with others and always take responsibility and help others. 3.93 1.04 3.99 0.98
e I always welcome suggestions from others or stakeholders. 4.12 1.03 4.11 0.95
e T accept the members’ decisions although I have a different opinion. 3.97 1.04 4.07 0.94
e [ am responsible for group work for the success and efficiency of work. 3.84 1.04 4.02 0.96
e [ believe that diverse team members will produce superior results. 3.97 1.08 4.01 1.00
Learning and psychology 3.71 0.07 3.89 0.98
e [ solve problems with reasons. 3.81 0.99 3.94 0.98
e [ like to experiment with different methods. 3.68 1.07 3.81 1.01
e [ am imaginative and creative. 3.61 1.17 3.86 0.99
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Assessment results

Characteristics of students’ design thinking Pre-test Post-test
X S.D. X S.D.
e [ think outside the box, not stuck in the old ways. 3.68 1.03 3.83 1.01
e [ like sharing knowledge and experiences. 3.65 1.12 3.86 1.01
e [ apply knowledge appropriately and skillfully. 3.56 0.95 3.81 0.99
e [ am always adaptable and able to keep up with changing situations. 3.72 1.02 3.89 0.94
e I experiment or learn from mistakes and experiences. 3.87 1.03 3.97 0.96
e [ listen to other people’s opinions and view failure as an opportunity to learn. 3.88 1.02 4.03 0.92
e T apply knowledge, principles, and theories of psychology to bring about 3.63 1.02 3.92 0.99
concrete benefits.
Personal attributes and multi-perspective mindset 3.79 0.04 3.89 0.99
e [ am a curious and observant person. 3.78 0.99 3.81 1.04
e [ am a confident and humble person. 3.61 1.05 3.72 0.99
e I am an active and curious person. 3.72 1.01 3.86 1.00
e [ am ready and willing to adjust and change my thinking. 3.94 1.02 4.01 0.96
e [ am an extrovert, optimistic, and broad-minded person. 3.73 1.11 3.88 0.99
e [ am attentive, collaborative, and inspiring. 3.84 1.03 3.95 0.97
e [ am open to working with people from different backgrounds. 3.97 0.99 3.99 0.99
e [ view problems as opportunities for learning and self-development. 3.74 1.05 3.88 1.00
Communication and technology use 3.90 0.07 4.02 0.97
e [ play video games. 3.82 1.22 3.89 1.12
e [ use a mobile phone or a camera. 4.15 1.11 4.21 0.87
e I can communicate in a variety of ways. 4.29 1.04 4.27 0.88
e [ can convey new ideas to others. 3.84 1.03 4.00 0.99
e ] can solve problems in normal and new ways. 3.84 0.97 3.96 0.94
e [ can use technology to work and solve problems. 3.96 1.03 4.08 0.94
e [ am willing to be a role model in presenting new ideas. 3.61 1.09 3.86 1.03
e ] can post good questions to understand different perspectives. 3.61 1.08 3.84 1.01
e I need feedback and suggestions for improvement. 3.99 0.99 4.09 0.96
e I can communicate in different environments and for different reasons. 3.92 1.07 4.05 0.98
Total 3.80 0.05 3.94 0.98

Table 2, indicates that the average score from students’ design thinking skills assessment after the experiment was
higher than before the experiment, that is, the average score after the experiment was 3.94 (standard deviation was
0.98). the average score before the experiment was 3.80 (standard deviation was 0.05). Based on the results of the
dependent t-test, the mean score of students’ design thinking skills after the experiment was significantly higher than
that of before the experiment at the 0.05 level as presented in Table 3.

Table 3. The Results of Data Analysis Comparing the Mean Scores of the Pre-test and Post-test of the Students
Using a Dependent t-test

Evaluating Sample size Mean Standard Deviation t
Pre-test 300 3.80 0.05 2 13%
Post-test 300 3.94 0.98
*p<0.05
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4. Discussion

This research was conducted using R&D methodology with one group pretest-posttest in the school that was
randomly selected as the research site. There were 16 teachers in the experimental group and 300 students who were
the target group of the development. This research aimed to test the effectiveness of the “Online Self-Training
Program for Empowering Teachers’ Learning to Develop Students’ Design Thinking Skills”, an educational
innovation obtained from this research. It was found that this educational innovation was effective by the research
hypotheses regarding the development project for teachers’ learning and the experimental research project for
teachers using the learning outcomes for student development. The teachers’ posttest scores met the standard
criterion of 90/90 and were significantly higher than the pretest scores. The post-test scores of the students were also
significantly higher than the pretest scores. The results of this research are consistent with the findings of other
research studies using the R&D methodology with similar research design, namely “Empowering Teachers’ Learning
to Develop Innovative Skills for Students” by Hatsanmuang and Sanrattana (2023), “Developing Teachers to
Enhance Students’ Effective Teamwork Skills” by Saysin and Dhammapissamai (2023), and “Empowering Teachers’
Learning to Develop Students’ Inspirational Skills” by Kromthamma and Supakicco (2023), “Developing Teachers to
Enhance Project Management Skills for Students” by Nukoonkan and Dhammapissamai (2023), and “Enhancing
Teachers' Learning to Develop Students to Become Successful Students” by Thammabut and Thacha (2023).

In addition to testing the effectiveness of the developed educational innovation, the research team also sought
additional knowledge from the teachers in the experimental group, especially the reflection on the application in the
fieldwork. Some interesting points will be discussed below.

To develop design thinking skills for students, the teachers in the experimental group encountered many obstacles,
such as barriers of empathy, limiting ideas, closed-mindedness, old pattern thinking, groupthink, lack of
understanding, lack of Imagination, or being too serious/boring, and negative cognitive biases. These obstacles are
part of the obstacles obtained from the synthesis of the academics’ views. According to Dam and Siang (2020),
Moldoff (2021), and Sheikh (2019), the obstacles that have been found include 1. lack of good communication to
create understanding and empathy, 2. lack of opportunity to access resources, 3. lack of training and experience, 4.
unconducive environment to freedom of expression and flexibility, 5. adhering to originality without accepting new
things and not being open-minded, and 6. lack of imagination, having old ideas, and using old methods, statistical
data, and logic, causing people to lose the ability to think outside the box.

However, the teachers in the experimental group sought approaches to overcome these obstacles. Moldoff (2021)
suggested the following approaches to overcome obstacles in developing design thinking skills. 1. Reinforce a
positive outlook. 2. Ask questions to understand the problem. 3. Be open-minded. 4. Look down on a problem. 5.
Define the problem completely. 6. Take bite-sized chunks. 7. Think logically. 8. Find similarities. 9. Mistakes happen.
10. Keep emotions in check. 11. Focus on the end game. 12. Take notes and record progress. 13. Challenge
assumptions. 14. If don't find success, start over. 15. Be honest and realistic.

To develop design thinking skills for the students in this research, even though there were many obstacles, the
teachers in the experimental group cooperated and put effort into their practice until the “Online Self-Training
Program for Empowering Teachers’ Learning to Develop Students’ Design Thinking Skills” developed by using
R&D methodology was effective for the development of teachers’ learning and using learning outcomes for student
development. This educational innovation can be used to benefit teachers and students in schools that are the target
population for further dissemination of the research results.

5. Conclusion

From the results of the research, it can be shown that educational innovations called the “Online Self-Training
Program for Empowering Teachers’ Learning to Develop Students’ Design Thinking Skills” developed with R&D
methodology with details of operations as mentioned in the research methodology section above. Including the use of
the concept of "knowledge and action are power" in designing this research. By adopting various perspectives on
design thinking skills in various aspects as a guideline for teacher development to make learning a priority for
teachers. Then stimulate and encourage teachers to use the learning results to develop students so that students
develop design thinking skills according to the specified indicators, resulting in effective educational innovations as
expected. Therefore, The educational innovations obtained from this research can then be disseminated for the
benefit of teachers and students in schools that are the target population for this research throughout the country.
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6. Recommendations

Regarding the application of this educational innovation, from the perspective of the research team, users should be
encouraged to realize the importance of design thinking skills in many ways to create motivation and inspiration for
effective practice. According to the synthesis of the views of Chrisos (2020), Leinen (2017), Pappas (2015), Verma
(2018), and Verma (2020), it can be concluded that design thinking skills are important in the following aspects. 1. It
is a new way of thinking in solving the problems we are facing today by thinking out of the box, creating new
perspectives and creative thinking, using innovations, and searching for new solutions to problems with a better way
of thinking to avoid repetitive problems. 2. It relies on innovation, creativity, and changing perspectives to be able to
answer questions arising from a rapidly changing work environment. It is the path toward the future of work to
succeed, grow, and be a part of the future. 3. It promotes good adaptation and skills in dealing with rapidly changing
situations. It is practical and can be integrated with learning skills and educational administration in the 21st century.
4. It helps develop a creative mindset and imagination for being a good design thinker in the future. This is one way
to go beyond the old potential and move towards new things. 5. The overall advantages and benefits of design
thinking skills can be revealed, which are (a) giving a way of thinking, building confidence in adapting and
responding more creatively to new work environments; (b) helping to identify and develop innovative and creative
solutions for managing problems to adjust and change the way of thinking to solve the problems creatively and
intelligently; (c) integrating work in many different dimensions, increasing thinking skills that are not stuck in the
same old ways, opening worldview, seeing the world in a positive light, being considerate, solving problems
creatively and sympathizing with people working together and (d) creating new thinking processes that promote
higher-order thinking skills to develop work into the future world in a concrete and creative way.
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